1 5 1 9 a r t I C l e S The anatomical connectivity of the NAc positions it as a key interface for integrating motivational information from limbic system structures with circuitry that controls motor output to regulate goaldirected behavior 1 . The outputs from the NAc derive from GABAergic MSNs, whose activity is driven primarily by excitatory inputs from the prefrontal cortex, hippocampus and amygdala. These synapses express several forms of plasticity that are thought to be important for a variety of adaptive and pathological forms of behavior including addiction 2,3 . Specifically, it has been suggested that pathological recruitment or blockade of LTD and long-term potentiation (LTP) in the NAc by drugs of abuse might be a key step in the cascade of neuroadaptations that lead to addiction. Furthermore, long-lasting changes in synaptic properties within the NAc are likely to be crucial for the maintenance of the addicted state 2-5 .
The anatomical connectivity of the NAc positions it as a key interface for integrating motivational information from limbic system structures with circuitry that controls motor output to regulate goaldirected behavior 1 . The outputs from the NAc derive from GABAergic MSNs, whose activity is driven primarily by excitatory inputs from the prefrontal cortex, hippocampus and amygdala. These synapses express several forms of plasticity that are thought to be important for a variety of adaptive and pathological forms of behavior including addiction 2, 3 . Specifically, it has been suggested that pathological recruitment or blockade of LTD and long-term potentiation (LTP) in the NAc by drugs of abuse might be a key step in the cascade of neuroadaptations that lead to addiction. Furthermore, long-lasting changes in synaptic properties within the NAc are likely to be crucial for the maintenance of the addicted state [2] [3] [4] [5] .
More than 90% of the cells in the NAc are MSNs; like MSNs in the dorsal striatum, these are not homogenous but can be divided into two major subpopulations 1, 6 . MSNs in the direct pathway express D1 dopamine (DA) receptors and project directly to midbrain DA centers whereas indirect pathway MSNs express D2 DA receptors and project to the ventral pallidum, thereby indirectly influencing DA cell activity. Recent studies have shown that direct pathway and indirect pathway MSNs in the dorsal striatum have markedly different electrophysiological and synaptic properties 6 and that the two subtypes of MSNs have distinct functions in motor behavior and various forms of learning 7, 8 . However, despite the behavioral importance of plasticity at excitatory synapses in the NAc in neuropsychiatric disorders such as addiction, little is known about differences in the cellular and synaptic properties of these two MSN populations.
We used bacterial artificial chromosome (BAC) transgenic mice that express enhanced green fluorescent protein (EGFP) in indirect pathway MSNs that express D2 DA receptors 9 to investigate the cellular and synaptic properties of these different cell populations in the NAc core using targeted whole-cell patch-clamp recording. We found substantial differences in the properties of excitatory synapses onto NAc indirect pathway MSNs (D2+ MSNs) compared direct pathway synapses, and several of these differences were similar to those found in MSNs in the dorsal striatum. Most notably, postsynaptic mGluR activation triggered LTD in D2+ MSNs but not in direct pathway MSNs (D2-MSNs). However, this cell type-specific LTD was reduced but not blocked by a CB1 receptor antagonist, which indicates that a form of LTD other than eCB-LTD occurred at excitatory synapses on D2+ MSNs in the NAc.
Because lipid signaling molecules such as the endocannabinoid anandamide can activate TRPV1 channels [10] [11] [12] [13] , which can trigger presynaptic LTD in other brain regions 14, 15 , we tested whether TRPV1 channels were required for the CB1 receptor-independent LTD. Our results indicated that mGluR activation in D2+ MSNs led not only to eCB-LTD but also to activation of postsynaptic TRPV1 channels that triggered a form of LTD that resulted from endocytosis of AMPA receptors (AMPARs). In addition, in vivo administration of cocaine prevented the generation of both forms of LTD in NAc D2+ MSNs and Trpv1 −/− mice showed enhanced behavioral sensitization to repeated administration of cocaine. These results reveal a cell type-specific form of synaptic plasticity that results from the activation of postsynaptic TRPV1 channels by an endogenous vanilloid and provide further evidence that TRPV1 channels in the brain have behaviorally significant roles.
RESULTS

Electrophysiological and synaptic properties of NAc MSNs
To determine whether, as in the dorsal striatum 6 , the two main subpopulations of MSNs in the NAc core have different electrophysiological 1 5 2 0 VOLUME 13 | NUMBER 12 | DECEMBER 2010 nature neurOSCIenCe a r t I C l e S and synaptic properties, we prepared slices from BAC transgenic mice that expressed EGFP in D2+ MSNs of the indirect pathway 9 . Like MSNs in the dorsal striatum 6, 16 , D2+ MSNs of the indirect pathway and D2-MSNs of the direct pathway in the NAc core had different basal electrophysiological and synaptic properties. The paired-pulse ratios of excitatory postsynaptic currents (EPSCs), which inversely correlate with transmitter release probability, were higher in D2-MSNs (20 ms, 1.55 ± 0.10; 50 ms, 1.40 ± 0.07; 100 ms, 1.21 ± 0.05; 200 ms, 1.07 ± 0.04; n = 15 (all data expressed as mean ± s.e.m.); Fig. 1a ) than in D2+ MSNs (20 ms, 1.33 ± 0.07; 50 ms, 1.22 ± 0.04; 100 ms, 1.12 ± 0.05; 200 ms, 1.00 ± 0.04; n = 18; Fig. 1a) . Consistent with these results, the basal frequency of miniature EPSCs (mEPSCs) was greater in D2+ MSNs than in D2-MSNs (Fig. 1b) but the amplitudes of mEPSCs were not different (Fig. 1b) .
AMPAR-mediated EPSCs (AMPAR EPSCs) recorded from both D2+ and D2-MSNs showed linear current-voltage relationships and little rectification ( Fig. 1c ; current ratio at +40 mV versus −80 mV: D2+, 0.34 ± 0.02, n = 10; D2−, 0.35 ± 0.02, n = 11). However, EPSCs in D2+ cells showed a larger ratio of NMDAR EPSCs (measured at +40 mV, 50 ms post-stimulus) to AMPAR EPSCs (peak measured at −80 mV) ( Fig. 1d,e ; D2+, 0.42 ± 0.04, n = 10; D2−, 0.28 ± 0.02, n = 11). These results showed that indirect pathway excitatory synapses on D2+ MSNs in the NAc core expressed several properties that were distinct from those of direct pathway synapses on D2− MSNs; specifically, they showed a higher release probability and a higher proportion of synaptic NMDARs. Furthermore, D2+ MSNs in the NAc core fired more action potentials in response to fixed current injections than did D2− MSNs (Fig. 1f,g ), which indicates that they are intrinsically more excitable.
Cell type-specific low-frequency stimulation LTD in NAc core We next investigated the generation of LTD in indirect pathway and direct pathway MSNs in the NAc core. NMDAR-dependent LTD was elicited in both populations of MSNs in response to three bursts of afferent stimulation at 3 Hz for 5 min (D2+, 77 ± 6% of baseline, n = 5; D2−, 81 ± 7%, n = 6; data not shown). However, a protocol similar to that previously reported to elicit eCB-LTD in NAc MSNs 17 (10 Hz for 5 min, termed low-frequency stimulation, LFS) generated robust LTD in D2+ MSNs but, on average, no LTD in D2-MSNs ( Fig. 2a-c ; D2+, 51 ± 7% of baseline 35-40 min after LFS, n = 25; D2-, 92 ± 4%, n = 11). The LTD elicited by the LFS protocol in D2+ MSNs was not affected by the NMDAR antagonist d(-)-2-amino-5-phosphonovaleric acid (d-AP5, 100 μM; Fig. 2d ; 47 ± 10%, n = 6), or by a D1 DA receptor antagonist (SCH23390, 2 μM; 61 ± 6% of baseline, n = 4; data not shown) or a D2 DA receptor antagonist (sulpiride, 10 μM; 50 ± 12%, n = 6; data not shown). By contrast, the metabotropic glutamate receptor (mGluR) antagonist LY341495 at a concentration that antagonizes all mGluRs (100 μM) prevented LFS LTD in D2+ MSNs ( Fig. 2e ; 95 ± 5%, n = 6), whereas a concentration of LY341495 (200 nM) that is specific for group II mGluRs had no effect ( Fig. 2e ; 53 ± 9%, n = 6). The mGluR5-specific antagonist MPEP (10 μM) also blocked LFS LTD in the D2+ MSNs ( Fig. 2f ; 93 ± 5%, n = 5) whereas an mGluR1 antagonist (LY367385, 100 μM) did not (36% ± 7%, n = 4, data not shown).
These results suggest that, like eCB-LTD in D2+ MSNs in the dorsal striatum 16 and that previously reported in the NAc 17 , LFS LTD in D2+ MSNs in the NAc core requires activation of the group I mGluR mGluR5. Consistent with this conclusion, application of the group I mGluR agonist RS-DHPG (DHPG, 100 μM) elicited LTD in D2+ MSNs but not in D2− MSNs ( Fig. 2g ; D2+, 66 ± 4%, n = 14; D2−, 103 ± 7%, n = 5). After application of DHPG, LFS LTD was no longer elicited in D2+ MSNs (Fig. 2h , 99 ± 20%, n = 4), which suggests that the DHPG-induced LTD occluded the subsequent generation of LFS LTD.
So far, the basic electrophysiological and synaptic properties of D2+ and D2-MSNs in the NAc core are similar to those of MSNs in the dorsal striatum 6, 16 . Notably, robust LTD can be generated in D2+ MSNs but not D2-MSNs in both structures. However, unlike LTD in D2+ MSNs of the dorsal striatum, the LFS LTD in D2+ MSNs of the NAc core was reduced, but clearly not blocked, by the CB1 receptor antagonist AM251 (1-5 μM; Fig. 3a ; 75 ± 5%, n = 12). This was not a result of a lack of efficacy of AM251, as its prior application (at 1 μM) prevented a r t I C l e S the depression of EPSCs in D2+ MSNs caused by the CB1 receptor agonist WIN 55,212 ( Fig. 3b ; WIN followed by AM251, 58 ± 9% of baseline, n = 4; AM251 followed by WIN, 98 ± 3% of baseline, n = 4). Because the presynaptic active zone protein RIM1α is crucial for several types of presynaptic plasticity including eCB-LTD at some synapses 18 we tested the role of RIM1α in LFS LTD at D2+ synapses by crossing the BAC transgenic D2-EGFP mice with Rim1α −/− (also known as Rims1) mice 19 . Similar to the effects of AM251, LFS LTD in NAc core D2+ MSNs in the Rim1α −/− mice was reduced but not absent when compared with littermate controls ( Fig. 3c ; Rim1α −/− , 82 ± 8%, n = 8; littermates, 40 ± 6%, n = 6). DHPG-induced synaptic depression in D2+ MSNs was also reduced, but not blocked, in the Rim1α −/− mice ( Fig. 3d ; Rim1α −/− , 83 ± 8%, n = 4; littermates, 54 ± 7%, n = 4). These results extend previous studies of eCB-LTD in the NAc 17, 18, 20 by showing that it is restricted to D2+ neurons in the NAc core and requires the active zone protein RIM1α. However, these results also indicate that a CB1-and RIM1α-independent form of LTD exists at these synapses.
TRPV1 activation is important for LFS-LTD in NAc D2+ MSNs
Although the main target for endocannabinoid signaling at synapses is thought to be the CB1 receptor, the endocannabinoid anandamide can also activate TRPV1 channels [10] [11] [12] [13] . TRPV1 is a nonselective cation channel that is highly permeable to calcium and is the main target for capsaicin, the pungent ingredient in chili peppers. Activation of presynaptic TRPV1 channels is required for LTD triggered by postsynaptic mGluRs at excitatory synapses on interneurons in the hippocampus 14 and in the developing superior colliculus 15 . Furthermore, anatomical studies suggest that TRPV1 is present in many brain structures including the NAc 11,21-23 . We therefore tested whether the LFS LTD that remained in the Rim1α −/− mice and in the presence of AM251 involved TRPV1 channels by investigating the effects of two structurally distinct TRPV1 competitive antagonists. Application of either capsazepine (10 μM) or SB366791 (20 μM) reduced but did not block LFS LTD in D2+ MSNs ( Fig. 4a,b; capsazepine, 81 ± 5%, n = 6; SB366791, 85 ± 3%, n = 6). Application of capsazepine alone had no effect on basal AMPAR EPSCs (data not shown; 101 ± 6%, n = 5)
suggesting that TRPV1 had no constitutive activity. When both CB1 receptors and TRPV1 channels were antagonized by simultaneous application of AM251 and capsazepine, LFS-LTD was absent ( Fig. 4c ; 97 ± 8%, n = 7). Furthermore, the LFS LTD that remained in D2+ MSNs in the Rim1α −/− mice ( Fig. 3c) was blocked by the TRPV1 antagonist capsazepine ( Fig. 4d ; 99 ± 14%, n = 4). 
The inhibitory effects of two TRPV1 antagonists on LFS LTD in D2+ MSNs suggest that TRPV1 channels are required for this form of synaptic plasticity. To test whether activation of TRPV1 channels alone can trigger LTD, we applied the specific TRPV1 agonist capsaicin while recording AMPAR EPSCs. Capsaicin (3 μM) caused a depression of AMPAR EPSCs in D2+ neurons that did not reverse after its washout ( Fig. 4e ; 70 ± 5%, n = 19). After capsaicin application and wash-out, LFS-LTD in D2+ MSNs was reduced ( Fig. 4f ; 74 ± 12%, n = 4), a result consistent with a partial occlusion of LFS LTD. The effects of capsaicin on AMPAR EPSCs recorded from D2+ neurons were prevented by prior application of the TRPV1 antagonist capsazepine ( Fig. 4g ; 99 ± 9%, n = 5) but not by prior application of the CB1 receptor antagonist AM251 ( Fig. 4h ; 77 ± 10%, n = 7).
Although the results of the pharmacological manipulations that antagonize or activate TRPV1 channels are consistent with the idea that these channels have a key role in LFS LTD, the interpretation of the results depends on the specificity of the drugs we used. Therefore, to further test the role of TRPV1 in modulating synaptic transmission in D2+ cells in the NAc core, we crossed the D2-EGFP BAC transgenic mice with Trpv1 −/− mice (Jackson Labs). LFS LTD in D2+ MSNs in the Trpv1 −/− mice was reduced compared to littermate controls ( Fig. 5a ; Trpv1 −/− , 82 ± 8%, n = 9; Trpv1 +/+ , 56 ± 4%, n = 5) and this remaining LTD was blocked by AM251 ( Fig. 5b ; 107 ± 7%, n = 5). Furthermore, capsaicin no longer depressed AMPAR EPSCs in the Trpv1 −/− mice, whereas it did cause a depression in littermate controls ( Fig. 5c ; Trpv1 −/− , 105 ± 8%, n = 6; Trpv1 +/+ , 70 ± 5%, n = 14). The results of the pharmacological experiments and those from the Trpv1 −/− mice provide support for the existence of a bifurcating signaling pathway in D2+ MSNs. Specifically, we propose that activation of postsynaptic mGluR5 leads to the production of lipid signaling molecules that activate TRPV1 channels and CB1 receptors, each of which triggers LTD at excitatory synapses on D2+ MSNs in the NAc core.
Postsynaptic locus of TRPV1 function in NAc D2+ MSNs
In most brain structures, including the NAc, CB1 receptors are presynaptic and modify transmitter release 18 . However, the synaptic site of action of TRPV1 channels in the NAc is unknown. To address this issue we first determined whether the coefficient of variation (CV) of the EPSCs changed during LFS LTD, as changes in this measure are commonly associated with presynaptic forms of synaptic plasticity. In control conditions, LFS LTD caused a decrease in 1/CV 2 (Fig. 6a) . This decrease is probably due to the CB1 receptor-mediated component of LFS LTD, as there was no change in 1/CV 2 when LTD was elicited during blockade of CB1 receptors by AM251 (Fig. 6a) but a decrease in 1/CV 2 still occurred when TRPV1 channels were blocked (Fig. 6a) . Consistent with this conclusion, the depression of AMPAR EPSCs elicited by the CB1 receptor agonist WIN caused a decrease in 1/CV 2 whereas the depression caused by capsaicin did not (Fig. 6b) . As a second test for the locus of action of TRPV1 channels in NAc D2+ MSNs we investigated the effects of capsaicin on mEPSCs. Capsaicin did not alter the frequency of mEPSCs but did reduce their amplitudes ( Fig. 6c; a r t I C l e S capsaicin, n = 6). We also tested the effects of capsaicin on NMDA receptor-mediated EPSCs (NMDAR EPSCs), as manipulations that presynaptically depress transmitter release commonly depress both AMPAR-and NMDAR EPSCs to equal extents. Capsaicin had no effect on pharmacologically isolated NMDAR EPSCs recorded at either −50 mV or +40 mV ( Fig. 6d ; 110 ± 7%, n = 4 and 101 ± 7%, n = 6, respectively).
Together, these results suggest that the TRPV1 channels that are involved in LFS LTD are localized to postsynaptic D2+ MSNs in the NAc. Indeed, postsynaptic TRPV1 has been found to be colocalized with presynaptic CB1 receptors in the NAc core 21 . Consistent with the postsynaptic expression of TRPV1 channels, loading D2+ MSNs with capsazepine (2 μM) or SB366791 (4 μM) significantly attenuated LFS-LTD relative to vehicle controls ( Fig. 6e; TRPV1 antagonists, 88 ± 6%, n = 8; vehicle control, 56 ± 8%, n = 7). As TRPV1 activation causes a rise in intracellular Ca 2+ concentration [10] [11] [12] , which is a common trigger for synaptic plasticity, we next loaded D2+ cells with the Ca 2+ chelator EGTA and found that this manipulation prevented the synaptic effects of capsaicin ( Fig. 6f; 99 ± 1%, n = 8) . Purely postsynaptic forms of LTD often are due to the Ca 2+ -triggered endocytosis of AMPARs 3 . To test whether this mechanism underlies the TRPV1-triggered LTD in the NAc, we loaded D2+ MSNs with either a dynamin inhibitory peptide (D15) 24 or a scrambled version of the peptide (S15). D15 prevented the induction of LFS LTD in the presence of AM251 ( Fig. 6g; D15 , 104 ± 9%, n = 4; S15, 66 ± 9%, n = 3).
A plausible model that explains all of our results is that postsynaptic mGluR activation in NAc D2+ MSNs leads to the production of anandamide, an endocannabinoid that activates both CB1 receptors and TRPV1 channels [10] [11] [12] [13] 18, 23 . To test this hypothesis, we isolated the TRPV1-triggered LTD by application of AM251 and inhibited the anandamide-degrading enzyme fatty acid amide hydrolase (FAAH) by applying URB597 (1 μM). In slices that had been preincubated in URB597 plus AM251, LFS LTD was enhanced relative to that found after pre-incubation with AM251 alone (Fig. 6h ; 48 ± 8%, n = 6 and 75 ± 5%, n = 12, respectively), a result that is consistent with the idea that anandamide is important for this process. To test whether anandamide can also enhance eCB-LTD, we examined the effects of URB597 on the LTD elicited in D2+ MSNs in slices prepared from Trpv1 −/− mice. This manipulation enhanced LFS LTD ( Fig. 6i ; 52 ± 11%, n = 7), which suggests that anandamide activates both presynaptic CB1 receptors and postsynaptic TRPV1 channels in NAc D2+ MSNs in the presence of the FAAH inhibitor. This finding offers a starting point for future work to determine whether anandamide or another lipid signaling molecule is responsible for activating CB1 receptors and TRPV1 channels under basal conditions. ; from the same cells as in Fig. 5a ).
a r t I C l e S Effect of cocaine on LTD and sensitization in Trpv1 −/− mice In vivo administration of drugs of abuse impairs eCB-LTD in the NAc 20, 25, 26 . Consistent with these results, we found that LFS LTD in D2+ MSNs in the NAc core was absent 24 h after the administration of a single dose of cocaine whereas in vivo saline injections had no effect on LTD ( Fig. 7a; cocaine, 93 ± 6%, n = 6; saline, 62 ± 3%, n = 5).
To test specifically whether the synaptic depression caused by direct TRPV1 activation was affected by prior in vivo cocaine exposure, we bath-applied capsaicin to slices from mice treated with either cocaine or saline. The synaptic depression elicited by capsaicin was unaffected by prior cocaine treatment ( Fig. 7b; cocaine, 78 ± 7%, n = 7; saline, 83 ± 3%, n = 9). These results are consistent with the suggestion that in vivo administration of cocaine impairs postsynaptic mGluR signaling, which is required for the initiation of downstream eCB production in NAc MSNs 25 , and thereby results in the absence of both CB1-and TRPV1-dependent LTD. A key question for any form of synaptic plasticity is whether it has a behaviorally meaningful role in the context of the brain region in which it is observed 27 . As an initial test of whether TRPV1 function in the NAc is involved in the behavioral responses to cocaine, we tested behavioral sensitization to cocaine in the Trpv1 −/− mice. Behavioral sensitization is a robust form of drug-induced behavioral plasticity that involves long-lasting modifications in NAc circuitry and correlates well with the enhanced incentive properties of drugs of abuse that result from repetitive exposure 28 . Although basal locomotor activity after saline injections was normal in the Trpv1 −/− mice, cocaine-induced locomotor activity was enhanced in Trpv1 −/− mice relative to wild-type controls (Fig. 7c) . This enhancement was maintained as behavioral sensitization developed after repeated daily administration of cocaine (Fig. 7c) . Furthermore, the enhanced locomotor response to cocaine in the Trpv1 −/− mice was maintained 2 weeks after cessation of the 5 days of repetitive cocaine administration (Fig. 7c) . By contrast, cocaine-induced stereotypy, which is thought to be due to the activation of dorsal striatal circuits, was normal in the Trpv1 −/− mice (Fig. 7d) .
DISCUSSION
We have presented an extensive electrophysiological characterization of MSNs in the indirect and direct pathways in the NAc core and shown that several properties were similar to those previously described for MSNs in the dorsal striatum 6, 16 . Indirect pathway MSNs were more excitable and their excitatory synapses had a higher probability of release than those in the direct pathway. LTD induced by LFS was limited to indirect pathway D2+ MSNs and depended, in part, on CB1 receptors. We have also described a form of LTD that requires the activation of postsynaptic TRPV1 channels and probably results from endocytosis of AMPARs. Our results suggest that strong postsynaptic mGluR5 activation in D2+ NAc MSNs produces one or more endocannabinoid(s) that simultaneously activate(s) presynaptic CB1 receptors and postsynaptic TRPV1 channels (Supplementary Fig. 1 ). They also suggest that activation of the postsynaptic TRPV1 channels leads to a rise in postsynaptic calcium that, like other extensively studied forms of postsynaptic LTD, causes endocytosis of AMPARs 3, 27 .
Although the activation of presynaptic CB1 receptors and postsynaptic TRPV1 channels could be achieved by the generation of two different endocannabinoids in D2+ NAc MSNs, the enhancement of both TRPV1-and CB1-mediated LTD by the FAAH inhibitor URB597 suggests that anandamide may trigger both forms of plasticity. Consistent with this hypothesis, anandamide is generated by coupling of metabotropic receptors to G proteins of the Gq/11 family 29 and activates TRPV1 channels in sensory neurons 30 . Furthermore, in the dorsal striatum, activation of TRPV1 by anandamide decreases 2-arachidonoylglycerol (2-AG) 31 , an effect that would hinder the generation of eCB-LTD if 2-AG was the endocannbinoid produced by D2+ MSNs in the NAc. In independent studies, a similar form of postsynaptic TRPV1-triggered LTD has been identified at a subpopulation of synapses on dentate gyrus granule cells 32 . Thus, this postsynaptic, TRPV1-dependent form of synaptic plasticity is expressed in distinct cell types (inhibitory NAc MSNs and excitatory granule cells) and is pathway-specific in different brain regions (NAc and hippocampus). It might therefore be a promiscuous form of plasticity that is important for modulating specific neural circuit elements throughout the brain.
TRPV1 channels are most prominently expressed in the PNS but anatomical, behavioral and electrophysiological studies have provided evidence that they have a role in CNS function 11, 14, 15, 23, 33 . This has made TRPV1 a potentially attractive therapeutic target for conditions other than pain syndromes 11, 23 . In the context of the functional role of TRPV1 channels in striatal circuitry, a number of studies have reported that pharmacological activation or inhibition of TRPV1 channels influences locomotor behavior in wild-type mice and in hyperdopaminergic mice that lack the DA transporter [34] [35] [36] [37] . Consistent with previous results 33 , we found that Trpv1 −/− mice showed normal basal locomotor activity. However, they expressed enhanced, long-lasting locomotor sensitization to repetitive administration of cocaine, a form of behavioral plasticity that requires modification of NAc circuitry 2, 3, 28 . We also found that cocaine administration in vivo prevented the generation of both eCB-LTD and TRPV1-dependent LTD, which can be explained by the attenuation of mGluR5 signaling caused by cocaine 2, 25, 38 . Alternatively, in vivo cocaine exposure might impair the synthesis or release of endocannabinoids or endovanilloids independent of the effects on mGluR5. It is also possible that the functions of CB1 receptors and TRPV1 channels are reduced after cocaine exposure, although this is unlikely because capsaicin-induced (Fig. 7b) and WIN-induced depression of synaptic transmission were normal in cocaine-treated mice 25 . These observations on the effects of cocaine are all consistent with the hypothesis that TRPV1 channels in the NAc have a behaviorally important role, a r t I C l e S although additional experiments are required to determine whether TRPV1 channels in the NAc influence cocaine-induced behaviors. Previous work has suggested that drugs of abuse elicit LTD in the NAc and this is associated with the expression, not inhibition, of behavioral sensitization [39] [40] [41] . However, this form of LTD is NMDARdependent and as it is expressed in MSNs of both the indirect and direct pathways in the NAc, its triggering would be expected to have a different behavioral effect from pathway-specific modifications. The modulation of activity specifically in the NAc indirect pathway has been implicated in several addiction-related behaviors including reinstatement of drug seeking [42] [43] [44] and conditioned place preference 45 . Furthermore, independent molecular manipulations of indirect pathway versus indirect pathway MSNs in vivo have shown that these two cell types participate in different behaviors 7, 8 . Given the importance of excitatory circuitry in the NAc for the development and maintenance of addiction and the growing evidence that MSNs of the indirect and direct pathways participate in behaviorally independent circuits, the identification of a functional role for TRPV1 channels in NAc D2+ MSNs provides a new target for furthering our understanding of the pathophysiology and treatment of addiction as well as other disorders that involve the NAc circuitry.
METhODS
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